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INTRODUCTION 


The  impact  protection  provided  by  the  SPH-4  flight  helmet  has  been 
effective  in  reducing  the  number  of  head  injuries  in  aviation  accidents. 
However,  the  protection  against  lateral  impacts  is  very  poor  because  no 
energy-absorbing  material  (foam)  was  used  in  the  side  of  the  SPH-4  (Haley, 
et  al.,  1983)  (Figure  1).  A  study  of  helmets  retrieved  from  Army  aircraft 
accidents  under  the  Aviation  Life  Support  Equipment  Retrieval  Program 
(ALSERP)  showed  that  lateral  impacts  resulted  in  a  significantly  higher  rate 
of  serious  injury  than  did  impacts  to  other  regions  (68%  versus  40%) 
(Shanahan,  1983).  By  replacing  the  standard  rigid  plastic  earcup  with  one 
designed  to  absorb  impact  energy,  a  significant  reduction  in  head  injuries 
can  be  obtained.  Our  goal  was  to  establish  the  feasibility  of  an  earcup 
design  that  would  meet  the  acoustic  attenuation,  weight,  and  size  require¬ 
ments  of  the  existing  SPH-4  specification  (MIL-H-43925A)  while  providing 
impact  protection  for  the  lateral  area  of  the  head.  This  report  summarizes 
the  initial  efforts  undertaken  in  pursuit  of  this  goal. 
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METHODS  AND  MATERIALS 


The  first  step  taken  was  to  select  the  design  crush  strength  for  the 
earcup.  Available  data  on  the  fracture  strength  of  the  temporal  area  of  the 
skull  was  very  limited.  Load  levels  for  the  temporoparietal  region  ranging 
from  2000  newtons  (N)  to  6000  N  have  been  noted  by  several  researchers 
(Gurdjlan,  Llssner,  and  Webster,  1974,  Schneider  and  Naham,  1972,  and  Travis, 
Stalnaker,  and  Melvin,  1977).  The  wide  range  of  values,  based  on  cadaver 
skull  laboratory  Impacts  onto  surfaces  as  small  as  6.5  cm2,  provided  some 
data  from  which  to  estimate  a  "crushing"  load  limit  for  the  earcup.  Since 
the  existing  SPH-4  earcup  design  covers  an  area  of  79  cm2,  a  relatively 
high  value  of  4500  N  was  selected.  A  lower  level  probably  would  Insure  no 
skull  fracture,  but  the  crush  depth  would  Increase  beyond  the  2.3  cm 
available  In  the  SPH-4  helmet.  Simply  stated,  this  crushable  level  was 
required  If  the  earcup  area  of  the  helmet  was  to  absorb  as  much  energy  as 
other  areas  of  the  helmet  without  exceeding  the  Impact  (concussion) 
tolerance  of  the  head. 

A  contract  was  let  to  Simula,  Inc.,  to  produce  a  number  of  prototype 
earcups.  The  task  assigned  to  them  was  to  design  and  build  a  prototype 
earcup  which  would  meet  the  following  requirements: 

a.  Must  fit  In  the  available  earcup  space  of  the  existing  SPH-4  helmet. 

b.  Must  provide  acoustic  attenuation  equal  to  the  SPH-4  helmet 
specification. 

c.  Must  be  compatible  with  existing  SPH-4  communication  system. 

d.  Weight  of  each  earcup  must  not  exceed  99  g. 

e.  Must  crush  at  a  load  of  4500  N. 

f.  Must  be  durable  enough  to  withstand  normal  environmental  exposure. 

g.  Must  not  be  prohibitive  In  cost. 

h.  Pressure  buildup  during  earcup  crushing  must  be  limited  to  prevent 
eardrum  rupture. 

Upon  completion  of  the  contract,  Simula,  Inc.,  delivered  a  report 
(Warrick  and  Svoboda,  1981)  In  which  the  earcup  prototype  development  was 
described.  The  report  said  that  a  tradeoff  study  was  done  on  15  different 
materials.  The  three  materials  selected  for  prototype  evaluation  as  earcup 
structure  were:  (a)  closed-cell  plastic  foam,  (b)  aluminum  honeycomb,  and 
(c)  convoluted  aluminum  sheet.  These  materials  appeared  to  offer  the  best 
opportunity  of  achieving  optimum  energy  absorption  and  acoustic  attenuation 
with  minimal  weight  and  cost. 


Acoustic  attenuation  was  evaluated  by  placing  an  aluminum  cylinder 
containing  a  calibrated  microphone  in  a  semi  reverberant  room  with  a  sound 
system  capable  of  producing  a  continuous  broadband  noise  field  with  a 
frequency  range  of  16  to  20*000  Hz.  The  output  of  the  microphone  without 
an  earcup  in  place  was  compared  to  output  with  an  earcup  in  place  to 
determine  the  amount  of  acoustic  attenuation  present  (Figure  2).  To 
eliminate  possible  reproducibility  problems,  no  earseals  were  used.  The 
15  earcup  prototypes  were  bonded  adhesively  to  an  aluminum  plate  which  in 
turn  was  bolted  onto  the  aluminum  cylinder  containing  the  microphone.  An 
0-ring  provided  an  effective  acoustic  seal  between  the  plate  and  the  alumi¬ 
num  cylinder.  The  earcups  were  made  in  the  form  of  a  right  circular  cylin¬ 
der  of  approximately  the  same  internal  volume  as  the  standard  SPH-4  earcup. 
This  configuration  provided  a  usable  comparison  of  acoustic  attenuation 
capability  of  the  15  design  variations  examined  and  was  lower  in  cost  than 
producing  an  oval  shape  similar  to  the  standard  earcup. 
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FIGUKt  2.  T"st.  Setup  used  by  Simula,  Inc.  to  Screen  the  15  different  Farcup 
Materials 


On  the  basis  of  these  comparison  tests,  three  candidate  materials,  with 
acoustic  attenuation  performance  within  the  criteria  of  MIL-H-43925A,  were 
selected.  Prototype  earcups  of  the  three  candidate  materials  were  fabri¬ 
cated  and  sent  to  the  US  Army  Aeromedical  Research  Laboratory  (USAARL)  for 
testing  (Figure  3). 
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Honeycomb  Earcup 


Convoluted  Aluminum  Earcup 


FIGURE  3.  Fnergy-AbsorKir.i  Earcups  (Cross  Section  View) 


Upon  receipt  of  the  earcups,  static  crush  tests  of  the  prototype  and 
standard  earcups  were  conducted  using  the  Tinius-Olsen  universal  test 
machine.*  Each  earcup,  complete  with  earseal,  was  placed  on  a  flat  steel 
plate  on  the  test  machine  base.  The  standard  SPH-4  cup  configuration  is 
shown  in  Figure  4.  A  segment  of  the  earcup  bulge  of  the  SPH-4  shell  was 
cut  off  and  placed  on  top  of  the  earcup  to  simulate  the  SPH-4  load  distri¬ 
bution  (Figures  4  and  5).  The  earcup  then  was  compressed  at  a  rate  of  2.5 
cm/minute.  The  results  of  the  static  crush  test  provided  a  means  of  deter¬ 
mining  the  ability  of  each  earcup  to  dissipate  kinetic  energy. 
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FIGURE  4.  Standard  SPH-4  Earcup  Cross  Section,  as  Tested  (Crushable  earcups 
use  identical  helmet  shell  section  and  earseal) 


FIGURE  5.  Before  and  After  View  of  Static  Earcup  Crush  Test 


9 


Next,  dynamic  crush  tests  were  conducted  to  evaluate  the  loading  rate 
effect  on  internal  pressure  and  transmitted  load  to  the  skull.  Testing  was 
done  on  the  USAARL  helmet  drop  tower  as  shown  in  Figure  6.  The  guide  wires 
headform  carriage,  headform,  accelerometer,  and  drop  tower  mass  conform  to 
American  Standard  Association  Z90.1  specifications.  A  piezoelectric  accel¬ 
erometer  was  used  in  the  headform  to  measure  acceleration  for  comparison 
with  the  force  measurement.  The  transducers'  outputs  were  displayed  on  a 
iiicolet  model  2090  two-channel  digital  oscilloscope*,  recorded  on  a  Hewlett 
Packard  model  3960  FM  tape  recorder*,  and  transmitted  to  an  Electronics 
Associates,  Inc.,  analog  computer  model  681*  for  processing  and  digitized 
with  a  SYSTEMS  85  digital  computer  for  data  reduction  and  analysis. 


Earcup  Test  Set-up 


FIGURE  6.  Test  Setup  for  Earcup  Impact  Test 


Each  earcup  with  earseal  was  placed  on  a  flat  metal  plate  supported  by  a 
load  cell.  A  threaded  hole  in  the  plate  contained  a  pressure  transducer  so 
that  the  dynamic  pressure  rise  caused  by  the  crushing  of  the  earcup  and  the 
compression  of  the  earseal  could  be  measured.  Each  earcup  was  covered  by  a 
segment  of  the  helmet  shell  to  simulate  the  actual  load  distribution.  The 
impacting  surface  was  the  relatively  flat  crown  portion  of  the  bare  metal 
headform  which  weighed  4.99  kg,  including  the  carriage. 

The  headform  and  carriage  were  raised  to  a  height  sufficient  to  generate 
70  Ivm  of  kinetic  energy  and  then  dropped  onto  the  earcup  as  shown  in  Figure 
6.  Not  enough  earcup  crushing  was  obtained  at  this  energy  level,  so  the  drop 
height  was  increased  enough  to  generate  90  N-m  of  kinetic  energy  for  the 
remaining  tests  recorded  in  this  report. 

The  review  of  the  internal  pressure  change  due  to  the  volume  change 
inside  the  earcup  was  informative.  The  pressure  increased  to  65  kilo  Pascal 
(kPa)  minimum.  This  pressure  is  more  than  twice  the  level  required  for 
rupture  of  the  ear's  diaphram  (James  et  al.,  1982).  Although  the  pressure 
venting  devices  in  the  earcups  were  opening,  the  time  of  opening  occurred 
after  the  internal  volume  of  the  earcup  and  seal  was  reduced  by  40  percent. 
This  large  volume  change  prior  to  pressure  relief  is  caused  primarily  by  the 
earseal 's  compression  depth  of  one  cm  prior  to  collapse  ("crushing")  of  the 
relatively  rigid  earcup. 

Since  all  three  prototype  earcups  were  designed  to  relieve  pressure  as 
a  result  of  structural  deformation  of  the  earcup  proper,  it  was  clear  that 
the  integral  pressure  venting  would  not  occur  until  the  earcup  was  crushed 
and  that  the  earcup  would  not  crush  until  the  earseal  was  compressed;  i.e., 
the  integral  pressure  venting  would  not  activate  until  after  the  pressure 
had  exceeded  20-30  percent  of  atmospheric  pressure--man's  tolerable  limit. 

Notwithstanding  the  pressure  increase  problem,  no  change  was  made  in 
tne  prototpye  development  effort  because  a  reliable,  low-cost,  light-weight, 
and  small -volume  pressure  venting  device  was  considered  beyond  the  scope  of 
this  effort. 

Review  of  the  impact  data  for  the  three  earcups  revealed  the  best  per¬ 
formance  for  the  aluminum  earcup.  The  second  phase  of  this  effort  was 
begun  by  contracting  with  Simula,  Inc.,  to  produce  a  quantity  of  the 
crushable  aluminum  earcups  for  additional  testing.  The  design  was  modified 
by  Simula  to  make  production  easier  as  shown  in  Figure  7. 

The  earcup  was  formed  from  1-mm  thick  6061-0  aluminum.  After  forming, 
the  earcup  was  heat-treated  to  a  T6  hardness  level.  Slots  of  0.25-mm  width 
and  23-mm  length  were  machined  into  the  sides  of  the  earcup  shell  to  improve 
the  crushing  performance  of  the  earcup  shell  and  to  provide  a  pressure  vent¬ 
ing  mechanism.  The  slots  were  sealed  with  enamel  paint  to  maintain  an 
acoustically  sealed  enclosure.  A  metal  cap  with  four  tangs  were  bonded 
adhesively  to  the  top  of  the  earcup  to  provide  a  method  of  attaching  the  ear¬ 
cup  to  the  helmet  harness. 


Upon  receipt  of  the  redesigned  aluminum  earcups,  the  static  and  dynamic 
crush  tests  were  repeated  to  verify  that  the  performance  of  the  redesigned 
earcup  was  acceptable.  A  cadaver  test  program  then  was  begun  to  verify  that 
the  crushing  load  of  the  earcup  did  not  exceed  human  tolerance.  The  cadaver 
test  program  is  described  in  USAARL  Report  33-14,  titled  "Impact  Response  of 
on  Lnergy  Absorbing  Earcup"  by  Shanahan  and  King,  1983. 


RESULTS  AND  DISCUSSION 


STATIC  TESTS 

The  results  of  the  static  crush  tests  are  depicted  in  Figure  8.  The 
standard  SPH-4  earcup  was  very  rigid  with  the  failure  load  reaching  20,000  N. 
The  crushable  earcups  did  not  exceed  6000  N  until  after  they  had  been  crushed 
through  a  total  distance  of  2.0  cm.  The  convoluted  aluminum  earcup  performed 
best  with  the  honeycomb  earcup  a  close  second.  The  crushable  foam  earcup  was 
the  least  efficient  as  its  loading  curve  approximated  an  exponential  increase 
as  a  function  of  crushing  distance;  the  load  should  increase  rapidly  to  the 
design  load  and  then  maintain  that  load  through  the  available  crushing  dis¬ 
tance  for  maximum  efficiency.  The  convoluted  aluminum  earcup  came  closest 
to  the  "limit"  load  level  with  an  average  crushing  load  of  4000  N  through  a 
total  distance  of  approximately  1  cm. 
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FIGURE  7.  Crushable  Aluminum  Earcup  as  Redesigned  by  Simula,  Inc. 
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FIGURE  8.  Earcup  Load  Versus  Deflection  in  Static  Crushing  Test 


DYNAMIC  TESTS 

The  first  dynamic  tests  were  done  from  a  drop  height  of  1.43  meters 
which  resulted  in  a  kinetic  energy  level  of  70  N*m.  The  honeycomb  earcup 
was  tested  first.  The  recorded  peak  force  was  9620  N,  but  this  peak  was 
reached  because  of  "ringing"  in  the  load  cell  as  shown  in  Figure  9.  After 
filtering  the  data,  the  peak  recorded  was  6400  N  and  the  peak  pressure  was 
71.3  kPa.  Examination  of  the  earcup  showed  that  the  specimen  was  not 
totally  crushed  (Figure  10).  Thus,  the  drop  height  was  increased  to  1.84 
meters  or  to  90  N*m  energy  for  the  remaining  tests.  The  honeycomb  earcup 
was  not  tested  at  90  N*m  energy  due  to  the  limited  number  available. 
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The  measured  peak  force  was  5790  N  for  the  polyurethane  foam  earcup  as 
shown  in  Figure  11.  After  filtering  to  eliminate  the  "ringing,"  the  peak 
force  was  5100  N.  The  peak  pressure  was  93.6  kPa.  Examination  of  the 
earcup  after  the  test  showed  an  acceptable  amount  of  symmetrical  crushing 
(Figure  12). 


FIGURE  12.  Simula  Foam  Energy-Absorbing  Earcup  Before  and  After  Testing 
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To  minimize  the  "ringing"  In  the  force  trace,  the  strain-guage  type 
transducer  with  a  1000  Hz  resonant  frequency  was  changed  to  a  force 
transducer  with  3000  Hz  resonant  frequency.  The  replacement  transducer 
consisted  of  three  Klstler  902A  piezoelectric  load  washers*  mounted  under  a 
2.5-cm  thick  triangular  aluminum  plate.  This  new  load  transducer  reduced 
the  "ringing"  problem  to  an  acceptable  level. 

The  convoluted  aluminum  was  tested  next;  the  measured  peak  force  was 
5840  N  as  shown  In  Figure  13.  The  peak  pressure  was  94.4  kPa.  A  reasonably 
consistent  load  was  maintained  throughout  the  crushing.  The  earcup  crushed 
symmetrically  as  shown  In  Figure  14. 


*See  Appendix  A 
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FIGURE  13.  Dynamic  Crushing  Load  and  Pressure  Rise  of  Convoluted  Aluminum 
Energy-Absorbing  Earcup 


FIGURE  14.  Simula  Convoluted  Aluminum  Energy- Absorbing  Earcup  Before  and 
After  Testing 


Pressure  (kPa) 


For  comparison,  a  standard  SPH-4  plastic  earcup  also  was  impacted.  The 
measured  peak  force  was  22,400  N  as  shown  in  Figure  15.  The  peak  pressure 
was  65.0  kPa.  No  visible  damage  to  the  earcup  could  be  detected  after  the 
test.  The  damage  done  to  the  earcup  during  static  testing  is  shown  in 
Figure  16.  The  cracking-type  failure  usually  is  a  catastrophic  event  that 
occurs  suddenly  when  the  failure  load  is  reached.  If  the  load  is  removed 
prior  to  failure,  no  significant  damage  can  be  detected.  The  dynamic 
loading  behavior  of  the  convoluted  aluminum  earcut  is  compared  to  the 
standard  SPH-4  earcup  in  Figure  17.  The  superior  performance  of  the  con¬ 
voluted  aluminum  earcup  in  limiting  the  transmitted  force  and  doing  work 
to  absorb  the  kinetic  energy  is  clear. 
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FIGURE  16.  Damage  Done  to  the  Standard  Gentex  SPH-4  Earcup  During  Static 
Testing 
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FIGURE  17.  Comparison  of  the  Dynamic  Loading  Performance  of  the  Convoluted 
Aluminum  Earcup  and  the  Standard  SPH-4  Earcup 
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Analysis  of  the  high  speed  film  showed  that  the  pressure  vents  were 
opening  at  approximately  7  msec  after  the  headform  touched  the  earcup. 

This  was  too  late  to  prevent  the  internal  pressure  from  exceeding  the  de¬ 
sired  30  kPa  limit  which  is  the  assumed  pressure  at  which  the  normal  human 
eardrum  will  rupture  (James  et  al.,  1982).  Compression  of  the  earseal 
alone  is  enough  to  raise  the  internal  pressure  above  the  rupture  level. 
Nonetheless,  the  vent  does  shorten  the  time  duration  and  the  peak  pressure 
(if  crushing  occurred  without  venting);  thus,  the  vent  is  deemed  desirable. 

After  completion  of  this  testing,  the  convoluted  aluminum  earcup  design 
was  selected  as  the  best  performer  on  the  basis  of  simplicity,  load  limit 
performance,  and  probable  reliability  in  service.  Simula,  Inc.,  then 
modified  the  design  to  improve  the  producibility.  The  producibility  changes 
included  a  change  in  contour  to  provide  more  stroke  and  a  reduction  in  the 
aluminum  thickness  to  1.0  mm.  The  redesigned  earcups  were  produced  and 
sent  to  USAARL  for  evaluation. 

Upon  receipt  of  the  redesigned  earcups,  the  static  and  dynamic  crushing 
tests  were  repeated.  The  static  crushing  performance  of  the  redesigned 
earcup  was  improved  with  approximately  1  cm  of  extra  crushing  distance  as 
shown  in  Figure  18.  The  dynamic  crushing  performance  also  showed  some 
improvement  as  shown  in  Figure  19.  The  degree  of  dynamic  crushing  for  five 
energy  levels  from  41  N-m  to  95  N*m  for  the  redesigned  earcup  is  illustrated 
in  Figure  20. 


FIGURE  18.  Comparison  of  Static  Crushing  Performance  of  Redesigned  Earcup 
and  Convoluted  Earcup 
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CONCLUSIONS 


It  is  concluded  that: 

1.  A  need  exists  for  an  energy-absorbing  earcup. 

2.  An  energy-absorbing  "crushable"  earcup  can  be  built  with  existing 
technology  and  within  the  limitations  imposed  by  the  existing  helmet  and 
acoustic  protection  requirements. 


RECOMMENDATIONS 


It  is  recommended  that: 

1.  All  impact-protective  helmets  containing  large  volume  (circumaural 
type)  earcups  be  provided  with  an  integral  energy-absorbing  mechanism  in  the 
earcup  structure. 

2.  Energy-absorbing  earcups  should  be  procured  for  retrofit  to  all 
inventory  flight  helmets  and  for  inclusion  in  all  future  flight  helmets. 
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APPENDIX  A 

LIST  OF  TRADE  NAME  EQUIPMENT 

Electronic  Associates,  Inc. 

185  Monmouth  Parkway 
West  Long  Branch,  NJ  07764 

Model  681  analog  computer 


Hewlett-Packard 
2000  South  Park  Place 
Atlanta,  GA  30339 

Model  3960  FM  tape  recorder 


Kistler  Instrument  Corp. 

75  John  Glenn  Tr. 

Amherst,  NY  14120 

902A  piezoelectric  load  washers 


Nicolet 

3902  Casaba  Loop 
Valrico,  FL  33594 

Model  1090  two-channel  digital  oscilloscope 


Simula,  Inc. 

2223  S.  48th  Street 
Tempe,  AZ  85282 

Prototype  earcups 


Systems  Engineering  Laboratories 
6901  West  Sunrise  Blvd. 

Ft  Lauderdale,  FL  32650 

85  Digital  Computer 


Tinius-Olsen  Testing  Machine  Co.,  Inc. 
Easton  Road 

Willow  Grove,  PA  19090-0429 

LoCap  universal  testing  machine 
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Commander 

US  Army  Natick  R&D  Laboratories 
ATTN:  Technical  Librarian 
Natick,  MA  01760 

Commander 

US  Army  Research  Institute  of 
Environmental  Medicine 
Natick,  MA  01760 

US  Navy 

Naval  Submarine  Med  Rsch  Lab 
Medical  Library,  Naval  Submarine  Base 
Box  900 

Groton,  CT  06340 

US  Army  Avionics  R&D  Laboratory 

ATTN;  DAVAA-0 

Fort  Monmouth,  NJ  07703 

Cdr/Dir 

US  Army  Combat  Surveillance  & 

Target  Acquisition  Laboratory 
ATTN:  DELCS-D 

Fort  Monmouth,  NJ  07703-5304 

US  Army  R&D  Technical 
Support  Activity 
Fort  Monmouth,  NJ  07703 

Commander 

10th  Medical  Laboratory 
ATTN:  DEHE  (Audiologist) 

AP0  New  York  09180 

Chief 

Benet  Weapons  Laboratory 
LCWSL,  USA  ARRADCOM 
ATTN:  DRDAR-LCB-TL 
Watervliet  Arsenal 
Watervliet,  NY  12189 

Commander 

Naval  Air  Development  Center 
Biophysics  Lab  (ATTN:  George  Kydd) 
Code  60B1 

Warminster,  PA  18974 


Human  Factors  Engineering  Division 
Acft  &  Crew  Systems  Tech  Dir 
Naval  Air  Development  Center 
Warminster,  PA  18974 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Department 
Warminster,  PA  18974 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  6022  (Mr.  Brindle) 
Warminster,  PA  18974 

Dr.  E.  Hendler 

Human  Factors  Applications,  Inc. 
295  West  Street  Road 
Warminster,  PA  18974 

Director 

Army  Audiology  &  Speech  Center 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5001 


Director 

Walter  Reed  Army  Institute 
of  Research 
Washington,  DC  20012 

Commander 

US  Army  Institute  of 
Dental  Research 

Walter  Reed  Army  Medical  Center 
Washington,  DC  20012 

Uniformed  Services  University 
of  the  Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda,  MD  20014 

Commanding  Officer 
Naval  Medical  R&D  Center 
National  Naval  Medical  Center 
Bethesda,  MD  20014 
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Under  Secretary  of  Defense  for 
Research  and  Engineering 
ATTN:  Military  Assistant  for 
Med  &  Life  Sciences 
Washington,  DC  20301 

Director  of  Professional  Services 
Office  of  the  Surgeon  General 
Department  of  the  Air  Force 
Washington,  DC  20314 

Naval  Air  Systems  Command 
Technical  Library  Air  950D 
Room  278,  Jefferson  Plaza  11 
Department  of  the  Navy 
Washington,  DC  20361 

US  Navy 

Naval  Research  Laboratory  Library 
Code  1433 

Washington,  DC  20375 
US  Navy 

Naval  Research  Laboratory  Library 
Shock  &  Vibration  Information  Center 
Code  8404 

Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTN:  Technical  Information  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

Director 

US  Army  Human  Engineering  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground,  MD 
21005-5001 

US  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  Reports  Processing 
Aberdeen  Proving  Ground,  MD 
21005-5017 

US  Army  Ordnance  Center 
and  School  Library 
Aberdeen  Proving  Ground,  MD 
21005-5201 


Director 

US  Army  Ballistic  Rsch  Laboratory 
ATTN:  DRXBR-OD-ST  (Tech  Rpts) 
Aberdeen  Proving  Ground,  MD 
21005-5066 

US  Army  Environmental  Hygiene 
Agency  Library,  Bldg  E2100 
Aberdeen  Proving  Ground,  MD 
21010 

Commander 

US  Army  Medical  Research 

Institute  of  Chemical  Defense 
Aberdeen  Proving  Ground,  MD 
21010 

Technical  Library 
Chemical  Systems  Laboratory 
Aberdeen  Proving  Ground,  MD 
21010 

Commander 

US  Army  Medical  R&D  Command 
ATTN:  SGRD-RMS  (Mrs.  Madigan) 

Fort  Detrick 
Frederick,  MD  21701 

C'mmander 

U?  Army  Medical  Research  Institute 
of  Infectious  Diseases 
Fort  Detrick 
Frederick,  MD  21701 

Commander 

US  Army  Medical  Bioengineering 
R&D  Laboratory 
Fort  Detrick 
Frederick,  MD  21701 

Director  of  Biological  and 
Medical  Sciences  Division 
800  North  Quinch  Street 
Arlington,  VA  22217 

Defense  Technical 
Information  Center 
Cameron  Station,  VA  22314 
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US  Army  Materiel  Development  and 
Readiness  Command 
ATTN:  DRCSG 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

US  Army  Foreign  Science  and 
Technology  Center 
ATTN:  DRXST-IS1 
220  7th  Street,  NE 
Charlottesville,  VA  22901 

Commander 

US  Army  Transportation  School 
ATTN:  ATSP-TD-ST 
Fort  Eustis,  VA  23604 

Director 

Applied  Technology  Lab,  USARTL-AVSC0M 
ATTN:  Library,  Bldg  401 
Fort  Eustis,  VA  23604 

US  Army  Training  &  Doctrine  Command 

ATTN:  ATCD 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  &  Doctrine  Command 

ATTN:  Surgeon 

Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 
USARTL-AVSC0M 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 


Colonel  Stanley  C.  Knapp 

US  Centrol  Command 

CCSG  MacDill  AFB,  FL  33608 

Redstone  Scientific  Information 
Center 
DRDMI-TBD 

US  Army  Missile  R&D  Command 
Redstone  Arsenal,  AL  35809 

Air  University  Library 
(AUL/LSE) 

Maxwell  AFB,  AL  36112 
Commander 

US  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 

Commander 

USAAVNC  &  Fort  Rucker 
ATTN:  ATZQ-CDR 
Fort  Rucker,  AL  36362 

Director 

Directorate  of  Combat  Developments 

Building  507 

Fort  Rucker,  AL  36362 

Director 

Directorate  of  Training  Development 

Building  502 

Fort  Rucker,  AL  36362 

Chief 

Army  Research  Institute 
Field  Unit 

Fort  Rucker,  AL  36362 


US  Navy 

Naval  Aerospace  Medical  Commander 

Institute  Library  US  Army  Safety  Center 

Bldg  1953,  Code  102  Fort  Rucker,  AL  36362 

Pensacola,  FL  32508 

Commander 

US  Air  Force  USAAVNC  &  Fort  Rucker 

Armament  Development  and  ATTN:  ATZQ-T-ATL 

Test  Center  Fort  Rucker,  AL  36362 

Eglin  AFB,  FL  32542 


Commander 

US  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-QA 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

President 

US  Army  Aviation  Board 
Cairns  Army  Air  Field 
Fort  Rucker,  AL  36362 

US  Army  Research  and 

Technology  Laboratories 
Propulsion  Laboratory  MS  77-5 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 

Human  Engineering  Division 
Air  Force  Aerospace  Medical 
Research  Laboratory 
ATTN:  Technical  Librarian 
Wright-Patterson  AFB,  OH  45433 

US  Air  Force  Institute  of 
Technology  (AFIT/LDE) 

Building  640,  Area  B 
Wright-Patterson  AFB,  OH  45433 

John  A.  Dellinger,  MS,  ATP 

Univ  of  Illinois  -  Willard  Airport 

Savoy,  IL  61874 

Henry  L.  Taylor 
Director 

Institute  of  Aviation 

Univ  of  Illinois  -  Willard  Airport 

Savoy,  IL  61874 

Commander 

US  Army  Troop  Support  and  Aviation 
Materiel  Readiness  Command 
ATTN:  DRSTS-W 
St.  Louis,  MO  63102 


Commander 

US  Army  Aviation  Systems  Command 
(Provisional) 

ATTN:  SGRD-UAX-AL  (MAJ  Lacy) 

4300  Goodfellow  Boulevard 
St.  Louis,  MO  63166 

Commander 

US  Army  Aviation  Systems  Command 
(Provisional) 

ATTN:  DDRAV-E 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63166 

Commander 

US  Army  Aviation  Systems  Command 
(Provisional) 

ATTN:  Library 

4300  Goodfellow  Boulevard 

St.  Louis,  MO  63166 

Commanding  Officer 

Naval  Biodynamics  Laboratory 

PO  Box  24907 

Michoud  Station 

New  Orleans,  LA  70129 

Federal  Aviation  Administration 
Civil  Aeromedlcal  Institute 
ATTN:  Library 
Box  25082 

Oklahoma  City,  OK  73125 

US  Army  Field  Artillery  School 
ATTN:  Library 
Snow  Hall,  Room  14 
Fort  Sill,  OK  73503 

Commander 

US  Army  Academy  of  Health  Sciences 

ATTN:  Library 

Fort  Sam  Houston,  TX  78234 

Commander 

US  Army  Health  Services  Command 

ATTN:  Library 

Fort  Sam  Houston,  TX  78234 
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Commander 

US  Army  Institute  of 
Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston.  TX  78234-6200 

US  Air  Force 

Aerospace  Medical  Division 
School  of  Aerospace  Medicine 
Aeromedical  Library/TSK-4 
Brooks  AFB,  TX  78235 

US  Army 

Dugway  Proving  Ground 
Technical  Library 
Building  5330 
Dugway,  UT  84022 

Dr.  Diane  Damos 
Psychology  Department 
Arizona  State  University 
Tempe,  AZ  85287 

US  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

US  Army  White  Sands  Missile  Range 
Technical  Library  Division 
White  Sands  Missile  Range 
New  Mexico  88002 

US  Air  Force 
Flight  Test  Center 
Technical  Library,  Stop  238 
Edwards  AFB,  CA  93523 

US  Army  Aviation  Engineering 
Flight  Activity 

ATTN:  DAVTE-M  (Technical  Library) 
Edwards  AFB,  CA  93523 

US  Navy 

Naval  Weapons  Center 
Technical  Library  Division 
Code  2333 

China  Lake,  CA  93555 


US  Army  Combat  Developments 
Experimental  Coimand 
Technical  Library 
HQ,  USACDEC 
Box  22 

Fort  Ord,  CA  93941 

Aeromechanics  Laboratory 
US  Army  Research  and 
Technical  Laboratories 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 

Commander 

Letterman  Army  Institute  of  Research 
ATTN:  Medical  Research  Library 
Presidio  of  San  Francisco,  CA 
94129 

Six  United  States  Army 
ATTN:  SMA 

Presidio  of  San  Francisco,  CA 
94129 

Director 

Naval  Blosclences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 


Canadian  Army  Liaison  Officer 

Building  602 

Fort  Rucker,  AL  36362 

Netherlands  Army  Liaison  Officer 
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German  Army  Liaison  Officer 
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British  Army  Liaison  Officer 
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